A routine soil test that accurately predicts the N supplying capability of a soil has long been sought. Over the years numerous biological and chemical methods have been proposed, but no one method has been widely accepted (Stanford, 1982) . Researchers have attempted to examine specifi c organic N fractions that may become plant available throughout the growing season. Amino compounds are reportedly sensitive to organic amendments, such as manure, and may affect the native N fertility of a soil (Wander, 2004) . Additionally, crop rotation may also affect concentrations of amino compounds in the soil. Praveen-Kumar et al. (2002) observed fi elds planted to legumes had increased amino acid and amino sugar concentrations, whereas, when pearl millet [Pennisetum americanum (L.) Leeke] was planted amino sugar concentrations decreased. evaluated specifi c fractions of hydrolyzable soil N as a means of predicting N mineralization. They determined conventional steam distillation methods for quantifying different fractions of hydrolyzable N, described by Stevenson (1996) , were subject to serious error . By using diffusion methods developed by Khan et al. (1997) , total-N analysis of Kjeldahl digests (Stevens et al., 2000) , and conducting recovery test of 15 N labeled compounds added to soil hydrolysates, they were able to accurately quantify specifi c fractions of hydrolyzable-soil N. They compared the specifi c fractions with corn (Zea mays, L.) response to N fertilization and observed signifi cant correlations between the hydolyzable amino sugar-N concentration and both the check-plot yield and N fertilizer response.
Because the hydrolysis process and diffusion process were very time consuming and not practical for soil testing use, Khan et al. (2001) developed a procedure that accurately estimated the soil hydrolyzable amino sugar-N content. Their method consists of placing 1 g soil with 10 mL of 2 M NaOH in a modifi ed Mason jar for 5 h at 50°C. The time effi cient diffusion method named the ISNT was signifi cantly related with the hydrolyzable amino sugar-N, and signifi cantly predicted fertilizer responsive from nonresponsive sites. Barker et al. (2006) observed that the ISNT was not well correlated with corn grain yield and corn grain yield response to N fertilization. It was also observed that the ISNT did not signifi cantly correlate with hydrolyzable amino sugar-N, but there was a signifi cant correlation between it and hydrolyzable NH 4 -N and hydrolyzable (amino sugar + NH 4 )-N. Barker et al. (2006) concluded that the ISNT was thus estimating a more labile form of organic N along with amino sugar-N. Sharifi et al. (2007) evaluated the ISNT along with a direct steam distillation using 20 mL of 50% NaOH as means of predicting N mineralization. They observed signifi cant correlations between the ISNT and a modifi ed direct steam distillation procedure and N mineralized after a 24 wk aerobic incubation. A highly signifi cant correlation between the ISNT and the modifi ed direct steam distillation method was observed.
We hypothesized that hydrolyzable amino sugar-N would accurately predict N mineralization during an anaerobic incubation and according to , the ISNT would be signifi cantly correlated with the hydrolyzable amino sugar-N method and thus would accurately predict N mineralization. Therefore, the objective of this study was to evaluate amino sugar-N as a means of predicting N mineralization by comparing it with the NH 4 -N mineralized after a 14 d anaerobic incubation and to also evaluate diffusion and distillation procedures that estimate hydrolyzable amino sugar-N as a means of predicting N mineralization.
MATERIALS AND METHODS

Soil Samples
Twenty fi ve surface soil samples (0-15 cm) with different characteristics were collected during the fall and winter months of 2003 and 2004 from agricultural sites across the south-central and midwestern United States. These agricultural sites included cultivated and pasture ecosystems with various management practices. Samples were initially oven-dried, crushed to pass a 2-mm sieve, and stored in airtight containers. Texture for the soil samples was determined by the soil description in the appropriate county soil survey provided by the Natural Resources Conservation Service (NRCS). Total N was determined for each soil with the permanganate-reduced iron modifi cation of the semi-micro Kjeldahl procedure (Bremner, 1996) and organic C using wet combustion techniques as described by Nelson and Sommers (1996) . Inorganic NH 4 -N and NO 3 -N were determined by steam distillation techniques according to Mulvaney (1996) . Soil water pH was measured with a glass electrode in a 1:2 soil weight to water volume mixture. The site and chemical characteristics for the 25 soil samples used in this study are presented in Tables 1 and 2 , respectively.
Anaerobic Incubation Procedures
To begin the anaerobic incubation process, 10 g of oven-dried soil was placed into a serum bottle along with 50 mL of double-deionized water. The bottle was sealed using a gastight septum stopper and O 2 was displaced from the bottle using N 2 gas. To ensure anaerobic conditions were achieved, fi ve randomly selected soil samples were equipped with a combination redox electrode and the Eh was monitored throughout the incubation experiment. According to Patrick et al. (1996) aerated or oxidized soils typically have Eh values of +400 to +700 mV and anaerobic or reduced soils typically have Eh values from +400 to as low as -250 or -300 mV. All fi ve randomly selected samples Nelson and Sommers (1996) . ¶ Determined by permanganate-reduced iron modifi cation of the semi-micro Kjeldahl procedure, Bremner (1996) . # Determined by steam distillation techniques, Mulvaney (1996) .
achieved anaerobic conditions in <6 h (data not shown). Once anaerobic conditions were achieved, the soil was incubated for 14 d at 40°C.
After incubation, 50 mL of 4 M KCl solution was added to the serum bottle, the bottle shaken for 1 h, and the soil solution mixture fi ltered through Whatman no. 42 fi lter paper (Whatman, Clifton, NJ). A 10-mL aliquot of the fi ltrate was steam distilled according to Mulvaney (1996) and the concentration of NH 4 -N liberated from distillation was determined using acidimetric titration techniques.
Hydrolyzable Amino Sugar-Nitrogen Procedure
Hydrolyzable amino sugar-N was determined according to the diffusion techniques of . To prepare the soil hydrolysates, 5 g of oven-dried soil was combined with 20 mL of 6 M HCl plus two drops of octyl alcohol and heated under refl ux for 12 h at 110 to 120°C after treatment. The hydrolysis mixture was then fi ltered through Whatman no. 50 fi lter paper (Whatman, Clifton, NJ) under vacuum, after which the hydrolysates were stored at 5°C, until neutralized by addition of NaOH to obtain a pH of 6.4 to 6.8 (Stevenson, 1996) .
To determine the concentration of hydrolyzable amino sugar-N, the amount of hydrolyzable NH 4 -N was quantifi ed fi rst. Ten milliliters of the soil hydrolysate was placed in a modifi ed Mason jar along with 0.05 g of MgO and heated on a hot plate at 48 to 50°C for 2 h, followed by the titrimetric determination of NH 4 -N liberated. Next, the concentration of hydrolyzable (NH 4 + amino sugar)-N was quantifi ed by placing 10 mL of soil hydrolysate in a modifi ed Mason jar along with 2 mL of 10 M NaOH and heated on a hot plate at 48 to 50°C for 5 h. Gaseous NH 3 was captured in H 3 BO 3 -indicator solution located in a Petri dish attached to the modifi ed lid. The amount of NH 4 -N captured in the indicator solution was quantifi ed using acidimetric titration techniques.
The concentration of hydrolyzable amino sugar-N was then determined by the subtraction of the concentration of hydrolyzable NH 4 -N from the concentration of hydrolyzable (NH 4 + amino sugar)-N.
Analytical Methods for Predicting Hyrolyzable Amino Sugar-Nitrogen
The ISNT diffusion method was conducted according to Khan et al. (2001) . One gram of oven-dried soil was treated with 10 mL of 2 M NaOH in a modifi ed 473 mL wide mouth Mason jar, and the sample was heated for 5 h at 48 to 50°C on a modifi ed hot plate. Gaseous NH 3 was captured in H 3 BO 3 -indicator solution located in a Petri dish attached to the modifi ed lid. The amount of NH 4 -N captured in the indicator solution was quantifi ed using acidimetric titration techniques.
Because most soil testing laboratories contain the equipment to perform steam distillation, the ISNT was conducted using steam distillation techniques in a similar fashion to the diffusion techniques of Khan et al. (2001) . Instead of placing 1 g of soil in a modifi ed Mason jar along with 10 mL of 2 M NaOH, the soil was placed in a Kjeldahl fl ask along with 10 mL of 2 M NaOH and steam distilled into H 3 BO 3 -indicator solution. After 35 mL of distillate was collected the amount of NH 4 -N captured in the indicator solution was quantifi ed using acidimetric titration techniques. Because of the concern of steam diluting the NaOH solution during distillation, increasing concentrations of 5 and 10 M NaOH solutions were also analyzed.
Recovery of Glucosamine from soil using the Illinois Soil Nitrogen Test and 10 M NaOH Steam Distillation
For use in the recovery test, reagent-grade glucosamine was obtained from Sigma (Milwaukee, WI) and an aqueous solution was prepared containing 200 mg N L -1 and stored in a refrigerator for use within 24 h after preparation. A subsample of the glucosamine solution was digested using semimicro-Kjeldahl/steam distillation techniques (Bremner, 1996) to determine the exact N concentration.
Four soils (2, 4. 15, and 18) were chosen based on soil texture, ISNT value and geographic region for use in the recovery test. One gram soil samples were treated with 0 or 200 μg N of the glucosamine solution and in <30 min subject to analysis by the ISNT and 10 M NaOH steam distillation methods with each treatment replicated four times. Amino sugar-N recovery was determined by the difference method between the 0 and 200 μg N rates for each soil.
Statistical Analysis
For all analytical procedures the mean response was calculated from three replicates and regressed against the mean response of the analytical procedure of interest. Simple regression techniques were used to determine linear relationships between methods. All statistical analyses were performed using SAS Version 8.2 (SAS Institute, Inc., Cary, NC).
RESULTS AND DISCUSSION
The need for a soil test that accurately predicts N mineralization has increased due to fertilizer costs and environmental concerns. The most consistent and reliable methods have been biological indices, that is, anaerobic or aerobic incubation of the soil (Keeney, 1982; Bundy and Meisinger, 1994; Wilson et al., 1994) . These methods, however, do not lend themselves to routine use in a soil-test laboratory because of the time needed to incubate the soil. Nevertheless, the laboratory incubation procedures are good standards to evaluate new analytical methods for estimating soil N mineralization potential. Recently, reported that high concentrations of hydrolyzable amino sugar-N in the soil reduced the need for N fertilization. If the hydrolyzable amino sugar-N fraction is the N fraction that controls labile-N availability in the soil, then it would seem rational that the amino sugar-N fraction would correlate well with NH 4 -N mineralized during a 14 d anaerobic incubation. Additionally, any method that accurately predicted hydrolyzable amino sugar-N should be an accurate predictor of N mineralization.
Hydrolyzable Amino Sugar-Nitrogen as an Index of Nitrogen Availability
In this study, hydrolyzable amino sugar-N was compared to NH 4 -N mineralized during anaerobic incubation, which has been reported to be a reliable predictor of N mineralization (Keeney, 1982; Bundy and Meisinger, 1994) . Hydrolyzable amino sugar-N concentrations in the 25 soils ranged from 81.4 to 423.7 mg kg -1 , which were greater than the 9.1 to 164.5 mg NH 4 -N kg -1 mineralized during the 14 d anaerobic incubation (Table 3) . When hydrolyzable amino sugar-N values were regressed vs. the NH 4 -N mineralized after the 14 d of anaerobic incubation (Fig. 1A) , a signifi cant linear relationship was observed. Even though the relationship was signifi cant, hydrolyzable amino sugar-N explained only 38% of the varia-tion in NH 4 -N mineralized after 14 d. With this low coeffi cient of determination, it may be assumed that other fractions of N, perhaps along with the hydrolyzable amino sugar-N fraction, are contributing to N mineralization. Because the hydrolyzable NH 4 -N has to be determined to quantify the concentration of hydrolyzable amino sugar-N , the hydrolyzable NH 4 -N concentrations, ranging from 89.1 to 377.8 mg kg -1 , along with hydrolyzable (NH 4 + amino sugar)-N concentrations, ranging from 177.5 to 704.7 mg kg -1 (Table 3) , were regressed against the NH 4 -N mineralized during anaerobic incubation. Hydrolyzable NH 4 -N alone only accounted for 50% of the variability (Fig. 1B) , however, when combined with hydrolyzable amino sugar-N (Fig. 1C ) the coeffi cient of determination (R 2 = 0.61) was greater than that of both the hydrolyzable NH 4 -N and the hydrolyzable amino sugar-N linear models. These results may imply that amino sugar-N along with other more labile organic N pools are contributing to the mineralizable N potential for soils.
Our results differ from those reported by , which found no signifi cant correlation between corn check-plot yield or N-fertilizer response and hydrolyzable NH 4 -N concentrations on Illinois soils. made no attempt to correlate hydrolyzable (NH 4 + amino sugar)-N concentrations with corn check-plot yield or N-fertilizer response. Their best correlation among the soil chemical properties evaluated with check-plot yield and N-fertilizer response was hydrolyzable amino sugar-N.
Comparison of Analytical Techniques to Predict Hydrolyzable Amino Sugar-Nitrogen
Due to the popularity of steam distillation, the ISNT diffusion method was conducted using steam distillation techniques in a similar fashion to the diffusion techniques of Khan et al. (2001) . Because of the concern of the steam diluting the 2 M NaOH solution during distillation, increasing concentrations of 5 and 10 M NaOH were also evaluated. When the ISNT and steam distillation values were regressed vs. hydrolyzable amino sugar-N concentrations signifi cant linear relationships were observed (Table 4) . Even though the coeffi cients of determination for the aforementioned methods with the hydrolyzable amino sugar-N method were high (R 2 = 0.45 to 0.63), they were not as high as the coeffi cient of determination measured by Khan et al. (2001) with the ISNT method (R 2 = 0.82). The higher coeffi cient of determination obtained by Khan et al. (2001) may be due to the small number of soils studied, in which all samples were from the same geographic location and no clayey textured soils were analyzed.
As previously stated, the concentration of hydrolyzable NH 4 -N and hydrolyzable (NH 4 + amino sugar)-N correlated better with N mineralized during the 14 d anaerobic incubation experiment than hydrolyzable amino sugar-N alone (Fig.  1) . So when the four analytical methods were compared to the concentration of hydrolyzable NH 4 -N (Table 4) coeffi cients of determination improved, however, when compared to hydrolyzable (NH 4 + amino sugar)-N the coeffi cient of determination improved further (Fig. 2) . All four analytical methods displayed highly signifi cant relationships (P < 0.0001). The ISNT method predicted hydrolyzable (NH 4 + amino sugar)-N best overall, but the 2, 5, and 10 NaOH steam distillation procedures also had acceptably high correlations (Fig. 2) . These results were similar to those observed by Barker et al. (2006) , in which they observed hydrolyzable (NH 4 + amino sugar)-N had the highest correlation with the ISNT (R 2 = 0.87), followed by hydrolyzable NH 4 -N (R 2 = 0.84) and hydrolyzable amino sugar-N (R 2 = 0.33), respectively.
Comparison of Analytical Techniques to Predict Anaerobic Incubation
We observed that the four evaluated analytical methods correlated with the soil organic N fraction that had signifi cant relationships with potentially mineralizable soil N. So, it would 
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Comparison of the Illinois Soil Nitrogen Test and Direct Steam Distillation Techniques
The ISNT method has two limitations for use in largescale soil testing laboratories. The ISNT method requires a large amount of space to place the diffusion chambers and requires a 5 h heating time to complete the diffusion. Thus, we investigated the use of steam distillation as a viable option to the ISNT diffusion technique. When the 2, 5, and 10 M NaOH distillation techniques were regressed against the ISNT (Fig. 4) , highly signifi cant relationships were observed for all concentrations of NaOH steam distilled (P < 0.0001). Direct steam distillations for all three strengths of NaOH displayed coeffi cients of determination of approximately 0.90 when compared to the ISNT diffusion method. These results were similar to those observed by Sharifi et al. (2007) , who observed a strong correlation between the ISNT and their direct steam distillation method (R 2 = 0.92). The parameters that set the models apart in this study were the slope and intercept values. As the concentration of NaOH increased the slopes decreased. The 10 M NaOH distillation displayed a slope of 1.08 and an intercept of 1.10 when regressed with the ISNT. With a slope close to one and an intercept near zero, the 10 M NaOH method produced values almost identical to the ISNT values. Thus, soil testing laboratories have an option of using the ISNT diffusion method or the 10 M NaOH steam distillation procedure to quantify amino sugar-N as well as hydrolyzable NH 4 -N.
Comparison of the Illinois Soil Nitrogen Test and Steam Distillation for Glucosamine-Nitrogen Recovery from Soil
Percent recovery of glucosamine-N from the soil was signifi cantly affected by the soil type and method as shown in the ANOVA P values presented in Table 5 . There was not a signifi cant soil by method interaction as the ISNT consistently recovered a higher percentage of glucosamine-N than did the 10 M NaOH steam distillation independent of soil type. There is an observed difference in glucosamine-N recovery among soils (Table 6 ) with an LSD (0.05) = 2.74%. Soil texture appears to interfere with glucosamine-N recovery as the coarse textured soil resulted in the lowest recovery of glucosamine-N, whereas the fi ner textured soil resulted in a signifi cantly higher recovery. The two medium textured soils were not different than either the clay or sandy textured soil. Although signifi cant differences in glucosamine-N recovery were observed among soils, there was a high recovery ( >85%) for both methods across all soils. The ISNT recovers more glucosamine-N than steam distillation, but the standard deviations for a given soil are lower for steam distillation. Close observation shows a much wider range in recoveries based on soil for steam distillation, but with a higher amount of precision within a particular soil (Table  6 ). Both methods recover a high level of glucosamine-N from the soil strengthening their ability to estimate amino sugar-N or potentially mineralizable-N from the soil with an adequate degree of accuracy.
CONCLUSIONS
In conclusion, if the NH 4 -N mineralized after 14 d of anaerobic incubation is a reliable indicator of N mineralization, then hydrolyzable amino sugar-N is also an accurate predictor of N mineralization as previously stated by . However, when the hydrolyzable amino sugar-N concentrations were combined with the hydrolyzable NH 4 -N concentrations the ability to predict N mineralization improved, suggesting that other labile soil N forms along with amino sugar-N are potentially becoming plant available. Rapid analytical procedures like the ISNT diffusion method and the 2, 5, and 10 M NaOH steam distillation techniques accurately predicted hydrolyzable amino sugar-N as well as hydrolyzable (NH 4 + amino sugar)-N. These methods also accurately predicted NH 4 -N mineralized during anaerobic incubation. It could be assumed that this predictability may increase when soils are analyzed based on texture and geographic origin. Recovery and quantifi cation of amino sugar-N from the soil was high for both methods. Although the ISNT recovered slightly more amino sugar-N, steam distillation has a higher level of precision for a given soil. Results show that both methods can be used to estimate amino sugar-N in soil and can be used to predict potentially mineralizable-N. Thus, in soil-testing facilities where the ISNT is already implemented as a procedure, the much quicker and equally reliable 10 M NaOH distillation technique may be used to achieve near identical test values. 
